A modified predator-prey model which describes the interaction between the Predator-Prey species and at the species itself is considered. The existence and uniqueness of solutions of a modified predator-prey model in , space is proved under certain conditions of and . Some properties of the dynamically system of such model are described such as its stability. Graphs of solutions displayed. Applications of the results in mathematical biology are discussed.
Introduction
The dynamics of population has been described using mathematical models which have been very successfully for studying animals and human populations. Lotka [12] initiated the predator-prey models and competing species relations. Levin and Segel [11] studied some biological hypotheses concerning the origin of Planktonic Patchiness model. Fife [10] considered reaction and diffusion systems which are distributed in 3-dimentional space or on a surface rather than on the line. Calderon [9] studied the diffusion and non-linear population theory. Abualrub [1] discussed diffusion problems in mathematical biology. In addition, Abualrub [2] studied diffusion in 2-dimensional spaces for which diffusion is more realistic and applicable in life and he proved the existence and uniqueness of long range diffusion reaction model on population dynamics. Abualrub [4] proved
The predator-prey model
The model we are going to consider here is another modification to the planktonic patchiness model, a kind of predator-prey models, which were originally considered by Levin and Segel in 1976 [11] . We use the model in [4, 3, 6] with the assumption that the species specific diffusion coefficients be constant to come up with the predator-prey model:
Where = ( , ) is the prey density population, = ( , )is the predator density population, = ( 1 , 2 ), and ∆= 2   1   2 +   2   2 2 represents the diffusion (dispersal), we shall assume that 2 ,…, 5 are constants and 1 may assumed to be compact supported and bounded function of ; that is ( 1 = 1 ( ); 1 ( ) = 0 if | | > ; where N; is a constant ) not a constant this is assumed, because the birth (or death) rate may depend on the environment, which is assumed to be bounded. Another reason for assuming that 2 ,…, 5 are constants, is due to the fact that the birth(or death) rate depends on the interaction between the male and the female (sexual interaction as in terms 2 2 and − 5 2 ) or on the binary interaction between the males and females of the prey and the predator respectively ( as in the term ). In this paper we assume that 1 is constant and we modify the model by assuming another kind of interaction between the prey and the predator, that is two terms are added, namely to get the following model : to meet on a prey. As the predator has a strong rapacity and can take more than it needs so it is better to consider the term 2 ), and then interact the two species together in the environmental. The constants 1 , 2 ,…, 8 are positive and
Usual diffusion with = in the
, norms
To easily solve Eqs. (3) and (4) we shall make the terms 1 and − 6 disappear from Eqs. (3) and (4); to do this let ( , ) = ( , ), and ( , ) = ( , ) where = 1 , = − 6 . Therefore Eqs. (3) and (4) together with the initial data become as follows:
since we have the heat operator − ∆ in the left hand side of Eqs. (5) and (7), therefore and can be obtained by solving the following integral equations:
where 1 , 1 are the fundamental solutions of the heat equation; thus:
where is a small positive constant. And 1 , 1 can be estimated as in [2] ; then
Using the symbol ⊛ to represent the convolution in space and time while the symbol * is to represent the convolution in space only; we can rewrite Eqs. (9) and (10) in a simpler way as follows:
(13) where and are weak solutions of Eqs. (1), (2), (3) and (4) respectively, which implies that the integrals in Eqs. (9) and (10) Proof : Consider ( ) and ( ) to be the image of and respectively, such that: 
using Eq. (16) and the same estimation of 2 as in [7] which is given by: 
Now, assume that ℎ ( 2 ),
. Let > 1 be chosen such that:
by taking the ( 2 ) norm of the both sides and use the Benedek-Panzone Potential Theorem, see [8] , the first, the second and the third terms of the right hand side of Eq. (18) and let > 1 such that for the third term we have:
Again, by applying the Benedek-Panzone Potential Theorem, the first, the second and the third terms of the right hand side of Eq. (20), and taking the ( + )norm of the both sides, we obtain: ‖ ( )‖ The proof of this theorem can be done using the same argument as the proof of Lemma 1.
Stability Analysis
In this section we are discuss the stability of the modified model given by Eqs. , then we have:
It is clear that 1 , 2 are positive constants since 1 , 2 , … , 8 are positive using the fact that only the predator are capable of moving toward the prey we have 1 = 0 and letting ( , ) = 1 ( ) and ( , ) = 1 ( ): = − where is the wave speed which must be determined , thus system (23) become:
Using the method of reduction of order by setting m= 1 then we have a system of nonlinear of first order ODE's:
It is clear that system (25) is an almost linear system and has equilibrium points of the form ( 
Conclusion
A-The wave speed depends on the 1 , 2 , 5 and 6 actually on 4 and 8 (since 5 = 8 4 3 ) which are related to the coefficients of and 2 . Thus the coefficients of 2 in the prey equation is less than the coefficient of , which means that, the decay of the prey decreases after we added the term 2 . Also in the predator equation we have added the term 2 with rate 8 , and 8 > 5 , which means that, the growth rate of the predator increases after we add the term 2 . Therefore the interaction between the predator and the prey with the term 2 is better than the interaction with the term . B-The interaction between two predators and one prey is possible even though we are at closed environment that is for several reasons:
) i) The temperature has an effect on movement of the predator and prey. For example if it increases, the predator's movement will slow down. And if it decreases the prey will hide. Consequently, two predators will gather on a prey.
(ii) In the mating period we can consider the term 2 is the existence of a male and a female together, this will lead two predators to meet on a prey. As the predator has a strong rapacity and can take more than his needs so it is better to consider the term 2 . In both cases, low temperature and mating, the consumption of food will decrease and providing food will be continuous to all the species.
